One of the peculiarities of filterable viruses is that some are very stable, retaining their specific activity after long exposure to adverse conditions, while others are extremely labile and consequently not easi]y maintained in an active state. The virus of yellow fever belongs to the latter category. It rapidly becomes inactivated if suspended in a solution whose concentration of protein is too low. It survives better in distilled water than in physiological salt solution, but even in a medium of high protein content such as undiluted serum it gradually loses its activity. The rate at which it is inactivated depends on the temperature at which it is maintained: the higher the temperature, the more rapid the rate of inactivation. However, if the virus in a medium rich in protein is desiccated properly in the frozen state and then kept at ice box temperature, it remains active for years. As a matter of fact, there are in this laboratory some specimens of virus prepared 10 years ago which are still virulent.
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Recently a strain of yellow fever virus modified by prolonged cultivation in vitro was adopted for large scale human immunization. Inasmuch as inactive virus does not immunize, it became necessary to devise a method by which large quantities of virus could be prepared in a stable form suitable for transportation under adverse conditions such as obtain in the tropics. It was desirable to freeze and then desiccate under uniform conditions a fairly large amount of vaccine in small individual containers. Attempts were made to utilize the well known apparatus of Flosdorf and Mudd for this purpose, but it was found that almost the entire virus activity was lost during the process of desiccation. However, the little which survived had excellent keeping qualities. In this particular apparatus only the cooling effect due to the evaporation of water within the evacuated tubes is depended on to maintain the material in a frozen state. As the final stage of desiccation is approached, however, the cooling effect diminishes because of the lowered vapor pressure of the more concentrated material and because 83
of the retarded diffusion of the water molecules through the increasingly thick layer of exposed and partially dried preparation. Furthermore, as this material becomes progressively more concentrated with the withdrawal of water, its freezing point falls correspondingly. It appears highly probable that during this final stage the material becomes sufficiently liquid or semisolid to allow the concentrated electrolytes to exert their deleterious action upon the virus. With a view to obviating this possibility, experiments were carried out using a cold trap as a desiccating agent and maintaining the virus material throughout the desiccation period at a temperature considerably below its original freezing point. There was no detectable loss of virus activity during desiccation by this procedure. A properly constructed cold trap has been found more convenient and more practical than chemical drying agents alone. A particular advantage is that practically all volatile substances, as well as water vapor, are condensed in the cold trap.
The Apparatus
A satisfactory apparatus, shown in Figs. 1, 2, and 3, was designed for desiccating relatively large amounts of virus under the conditions just cited and has been employed in this laboratory for several months.
The details of the cold trap's construction are shown in the vertical cross-sectional view designated as Fig. 1 . The condensing unit is a brass cylinder (A), 4 inches in diameter, 24 inches in length, and ~ of an inch in wall thickness, closed at its lower end with a disk which has been silver-soldered. This cylinder is immersed to almost half its depth in a mixture of alcohol and solid carbon dioxide within a 12 gallon thermos jar (B) manufactured for the storage of ice cream. 1 A cylindrical wire shield (C) keeps the condenser centered in the thermos jar and facilitates its removal and replacement by keeping the lumps of solid CO2 away from the central section. The shield is held rigidly in position by three strips of metal extending horizontally from a metal ring about its top section to the rim of plastic material forming the circular opening of the insulated box (D) that contains the thermos jar. Here they are securely fastened with metal clips hooked beneath the rim. Ample space is left between the strips for conveniently adding more chunks of CO2 while the condenser is held in a raised position.
The opening of the insulated box (D) is covered and thermally sealed with ~ inch sponge rubber (E) cemented to the under surface of ~. 12 inch disk (F) of ~ inch bakelite which is clamped with six screws against a brass ring soft-soldered to the top of the condenser. The head (G) of the condenser is a thick disk of brass held in place by six screws threaded into the bakelite. A flat washer (H) of ~ inch rubber compressed between the head and the brass ring at the top of the cylinder forms the necessary vacuum seal. This scheme of eliminating all metallic contact between the condenser and its head makes it possible to realize the very necessary condition of not having x Manufactured by the American Thermos Bottle Company, Norwich, Connecticut.
excessive thermal conduction between these parts. The intake (I) of the condenser is a short section of metal tubing having an inside diameter of 1 inch. The dried gases are drawn out through a thin walled brass tube (J) having an outside diameter of sA of an inch and extending to within about 2 inches of the bottom of the condenser.
A metal pipe (K) of 1 inch inside diameter leads to the container to be desiccated, rubber tubing (L) of ~ inch inside diameter leads to the megavac pump, and a smaller tube (M) is connected to a triangular McLeod vacuum gauge (N, Figs. 2 and 3) . Either the cold trap or the chamber being desiccated can be disconnected from the vacuum conduits without the admission of any air. The larger coupling (O) shown at the intake in Fig. 1 is illustrated in more detail at the left. Rubber tubing (P) of 1 inch inside diameter and ~ inch wall thickness is first well lubricated on its inner surface with castor oil and then slipped over the two metal tubes to be connected. The joint is disconnected by turning a screw ring (Q) which pushes against a metal sleeve (R). This sleeve is provided with a small tapered lip which spreads the tubing slightly at its upper end and thus prevents its inner edge from getting pinched as the sleeve and tubing are forced to move. As the tubing collapses between the two metal conduits because of the external atmospheric pressure, a heavy clamp (S) is applied to establish a vacuum-tight seal.
The material to be dried is kept during the desiccation process in a frigidaire ice cream cabinet (T) which maintains a temperature of -18°C. For the desiccation of a smaller number of specimens, as for example routine tissue culture passages of the virus, a metal manifold (U) was designed, as shown in Fig. 2 . It has 32 outlets, but two or three times that number could be used without inconvenience. The outlets in the manifold are short pieces of metal tubing soldered vacuum-tight, and glass containers are attached to these with lengths of rubber tubing lubricated with castor oil. 1 or 2 cc. of the virus-containing material is placed in each of the glass containers, like those used in the Flosdorf-Mudd apparatus, and frozen rapidly in a mixture of alcohol and carbon dioxide snow. The containers are then quickly connected to the manifold, which in turn is placed in the freezing compartment and connected with the cold trap by means of a metal conduit (K), as shown in the photographs. The manifold stands upright in the ice cream cabinet. After desiccation is complete, the manifold is disconnected and removed without admitting any air. The glass containers are sealed off under the residual vacuum with an oxygen flame.
For the preparation of yellow fever vaccine in large quantities, a metal vacuum chamber (V, Figs. 2 and 3 ) is used in place of a manifold. This was made of a commercially available aluminum pressure cooker having a diameter of about 15 inches. The upper edge of the cooker was machined flat and then provided with a series of concentric grooves. The furnished top was discarded, and a new one (W) was made of duralumin plate, ~ of an inch thick. The lower surface of this lid was also provided with concentric grooves near its periphery. A large washer of ~ inch rubber dam fastened to the top provides a satisfactory vacuum seal as the external atmospheric pressure compresses it between the two sets of concentric grooves. A metal outlet having a 1 inch opening was clamped against the top with a rubber washer forming the necessary vacuum seal. This can be connected to the rest of the system with one of the universal couplings already described.
In the preparation of yellow fever vaccine two types of containers are used, both of which are shown in Fig. 3 . One of these has the shape of an Erlenmeyer flask with a neck 38 mm~ long. Customarily, 3 cc. of virus material is placed in each container
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for desiccating purposes, and 90 containers can be placed in a rack specially built, as shown, from two metal disks. Another type of container used is a pyrex test tube measuring 10 × 75 mm. Only 0.5 cc. of vaccine is placed in each tube. As many as 500 of these tubes can be accommodated by a circular wire rack such as that illustrated.
FIG. 1. Cross-sectional view of cold trap and special coupling of vacuum line.
Before proceeding with the desiccation process, the lower part of the desiccator is left in the ice cream cabinet for about an hour to lower its temperature. It remains there throughout the process of desiccation. The racks containing the material are dipped into a mixture of alcohol and solid carbon dioxide to freeze the material at a uniform and rapid rate. When the material is completely frozen and the excess alcohol has been shaken off, the rack is placed in the desiccator. The lid is then placed in posi- tion, the connection with the cold trap made, and the evacuation started. Within 2 or 3 hours a good proportion of the water and all of the alcohol carried over are caught by the trap and the vacuum reaches an approximately steady level. The speed of the pump can then be reduced to about a third its normal value. After the desiccation is completed, the outlet of the vacuum chamber is clamped off and disconnected from the vacuum system, as shown in Fig. 2 . The chamber, with its residual vacuum undisturbed, is allowed to stand at room temperature for a few hours before being filled with dry nitrogen from a tank. This technique obviates a possible condensation and absorption of moisture from the air by the dried vaccine. The desiccator is then opened and the containers are sealed immediately with an oxygen flame. Inasmuch as it is desirable to maintain the material during desiccation in a frozen state at a rather low temperature, the process is necessarily a relatively slow one. This is especially true because of the resistance offered to the diffusing water molecules by the cotton plugs which must be kept in the mouths of the small containers throughout the procedure to prevent any possible bacterial contamination of the vaccine. However, the final virus activity apparently is not dependent on the rate of desiccation. If desirable, a considerable increase in the rate can be accomplished by placing a chemical drying agent such as P205 in the desiccator.
About 20 pounds of solid CO2 added to the cold trap every 24 hours are sufficient to keep it in condition for continuous operation. As much as 1000 cc. of water can be collected as ice in the condenser, provided the ice is not allowed to melt and fall to the bottom of the condenser, before the air passage becomes sufficiently blocked to slow down the rate of desiccation. The trap is readily emptied by disconnecting it from the vacuum conduits and then inverting it after the ice has been melted. If all joints in the system are properly sealed, the vacuum gauge should indicate a pressure of about 5 or 10 microns of mercury within a few hours after starting the desiccation. With the vaccine distributed in small containers as already described, as much as 300 cc. of material can be desiccated to almost complete dryness within 24 hours without the assistance of chemical desiccants. Since, however, the last stages of complete desiccation progress at such an infinitely slow pace, it is considered generally advisable to extend the period to about 40 or 45 hours.
Yellow fever vaccine prepared in this manner and properly sealed from contact with the air has been found to suffer no loss in activity during the treatment and probably may be kept active for long periods. SUMMARY 1. The apparatus described was designed for the desiccation under uniform conditions of large quantities of yellow fever virus in the frozen state.
2. Several hundred cubic centimeters of virus material, distributed in small containers, have been desiccated simultaneously to almost complete dryness and with no appreciable loss of infectivity.
3. Good keeping qualities of the virus activity are insured by sealing the containers either while evacuated or after filling with dry nitrogen.
